Objective The inter-individual difference in response to liver injury appears to be important in the progression of liver fibrosis. Interleukin 10 (IL-10) is an anti-inflammatory cytokine, and several functional gene polymorphisms have been found. The aim of this study was to examine the possible association of IL-10 polymorphisms with the progression of liver fibrosis in hepatitis C virus (HCV)-related chronic liver disease patients. Methods We examined the IL-10 -1087 A/G and -824 T/C gene polymorphisms in 184 Japanese patients with HCV-related chronic liver disease: 94 chronic hepatitis (CH) and 90 with liver cirrhosis (LC). Results There were no significant differences in the genotype distributions or allele frequencies of IL-10 -824 T/C and -1087 A/G between the CH and LC groups. However, among the cirrhotic patients, the lower transcriptional allele, -824 T homozygotes had significantly lower serum albumin and platelet counts, and a higher Child-Pugh score than the -824 C carriers, and the lower transcriptional allele, -1087 A homozygotes had a higher ICG-R 15 compared with -1087 G carriers. Haplotype analysis of IL-10 -1087/-824 showed no significant difference between the CH and LC groups, but the combinations of AT and AC haplotypes (AT/ AT, AT/AC and AC/AC) had a significantly higher ICG-R 15 than the GC carriers. Conclusion IL-10 lower transcriptional -824 T allele, -1087 A allele, and -1087/-824 haplotypes AT and AC are risk factors for the progression of liver fibrosis in HCV-related chronic liver disease.
Introduction
Hepatitis C virus (HCV)-related chronic liver disease is a major health problem and a key issue in antiviral research. Approximately 170 million people are infected with HCV worldwide (1) . Chronic HCV infection commonly induces immune reactive inflammation, which results in continuous liver tissue damage and progression of liver fibrosis to cirrhosis. The mechanism of liver fibrosis is a highly dynamic process and the rate at which fibrosis develops shows substantial individual variation. Epidemic surveillance has shown that older age at infection, male gender, excessive alcohol consumption, obesity, and immune deficiency are all associated with a rapid progression to fibrosis (2) . However, the promoting or protective factors of HCV-related liver fibrosis remain poorly understood. Recently, functional gene polymorphisms have been identified in inflammatory cytokines and some reports have shown possible relationships between these genotypes and the grade of tissue inflammation in HCV-related liver disease (3) .
IL-10 is a multifunctional cytokine mainly regarded as one of the strong suppressors of pro-inflammatory and antiviral cytokine secretion, and occurs through various mechanisms including reduction of HLA class II expression and diminished production of IL-1α, IL-1β, IL-2, TNF-α, and IL-8 (4, 5) . Administration of recombinant IL-10 reduces the immune response and fibrogenesis in patients with chronic hepatitis C (6) . As for the gene polymorphism of IL-10, three single nucleotide polymorphisms (SNPs) have been identified in the promoter region of -1087 A/G, -824 T/C and -597 A/C with respect to the transcription initiation site (7) . It has been shown that -824 C allele and -1087 G allele have higher IL-10 transcriptional activities compared to -824 T and -1087 A alleles, respectively. The -597 A and C alleles are in tight genetic linkage disequilibrium with the position of -824 T and C alleles, respectively. Indeed, these SNPs at -1087, -824 and -597 consist of the haplotypes ATA, ACC and GCC, respectively (4). Of these haplotypes, the ATA and ACC haplotypes are associated with low levels of IL-10 production (8) .
Previous reports have shown positive relationships between these IL-10 polymorphisms and various inflammatory and autoimmune diseases, such as systemic lupus erythematosus (9) and aggressive periodontitis (10) . Some reports have examined IL-10 gene polymorphisms and viral chronic liver disease progression, but the results of these studies remain controversial.
In this study, we investigated the possible association of IL-10 polymorphisms with the progression of liver fibrosis in Japanese HCV-related chronic liver disease patients.
Methods

Subjects
Patients with HCV-related chronic liver disease (n=184) were enrolled in this study. CH and LC patient group profiles are listed in Table 1 . All patients were Japanese and were positive for serum HCV-RNA. Patients were excluded if they had chronic hepatitis B infection, alcoholism, autoimmune liver disease, or primary biliary cirrhosis. The diagnosis of the stage of liver disease (CH or LC) was confirmed by laboratory tests and/or histological examination. Cirrhosis was diagnosed based on the clinical features, laboratory data, imaging tests (computer tomography) and/or histological features. Of the 184 patients, 94 patients were diagnosed with chronic hepatitis (mean age in years; 63.4± 10.9, 54 males and 40 females) and the other 90 were diagnosed with liver cirrhosis (mean age in years; 66.2±9.5, 45 males and 45 females). This study was approved by the Committee for the Ethics of Medical Experiments on Human Subjects of the Medical Faculty of Tottori University, and written informed consent was obtained from each subject before blood was collected.
DNA extraction
Genomic DNA was extracted from peripheral white blood cells using a DNA extraction kit (DNA Quick II: Dainippon Pharmaceutical, Osaka, Japan) according to the manufacturer's instructions.
Analysis of the IL-10 -824 T/C polymorphism
The IL-10 -824T/C polymorphism was analyzed by PCR, followed by restriction fragment length polymorphism (RFLP) (9) . The PCR was carried out in a final volume of 50 μL: 2 μL (5 ng) of genomic DNA, 0.5 μL of 0.02 μM forward primer (5´-ATCCAAGACAACACTACTAA-3), 0. carried out. In brief, a mixture of 12 μL of the PCR product, 12.5 μL of 2× buffer (40 mM Tris-HCl, 550 mM NaCl, 12 mM MgCl2, 14 mM 2-Mercaptoethanol, pH 8.2) (Roche, Penzberg, Germany), and 0.5 μL of Mae III were incubated at 55 overnight. The mixture was loaded onto a polyacrylamide gel (total concentration 10%, concentration of cross-linker 3%, 1× TBE buffer: 89 mM Tris, 89 mM borate, and 2.2 mM EDTA). Electrophoresis was performed at 200 V for 70 min at 20 using 1× TBE buffer. Bands were visualized by silver staining.
Analysis of the IL-10 -1087 A/G polymorphism
The IL-10 -1087A/G polymorphism was analyzed by the allele-specific primer-polymerase chain reaction (ASP-PCR) method according Sugimoto et al (11) . The PCR condition was as follows: 95 for 10 min; 35 cycles of 95 for 15 s, 61 for 5 s, and 72 for 18 s. The PCR amplicon was obtained only when the allele-specific primer matched its corresponding SNP sequence. Real-time SYBR-green PCR (Roche) was performed to detect the allele-specific amplicons.
Statistical analysis
Values were expressed as the mean ± SD. Differences in genotype distributions were determined with the χ 2 test. The differences of data between the 2 groups were assessed using the t test. A p value of <0.05 was regarded as statistically significant.
Results
Genotype distributions and allelic frequencies of IL-10 -824T/C and -1087A/G are shown in Table 2 . The frequency of each genotype was in Hardy-Weinberg equilibrium. The IL-10 genotype distributions of our HCV-positive patients were similar to those previously reported in Japanese populations (11, 12) .
There were no significant differences in the genotype distributions or allele frequencies of IL-10 -824 T/C and -1087 A/G between chronic hepatitis and liver cirrhosis. However, when examining the cirrhotic patients, the lower transcriptional allele, -824 T homozygote had significantly lower serum albumin and platelet counts, and a higher Child-Pugh score than the -824 C carriers, and the lower transcriptional allele, -1087 A homozygotes had a higher ICG-R 15 compared with -1087 G carriers (Table 3) . IL-10 -1087 A/G and -824 T/C are in linkage disequilibrium and they are responsible for three different haplotypes: AT, AC and GC. Haplotype analysis of IL-10 -1087/-824 showed no significant difference between CH and LC (Table 4) , but the combinations of -1087/-824 AT and AC haplotypes (AT/AT, AT/AC and AC/AC) showed significantly higher ICG-R 15 than the GC carriers (Table 5 ).
In addition, we examined the liver fibrosis progression speed between IL-10 haplotypes using the fibrosis indexes, which are based on the common clinical serum tests. We selected 52 CH patients who were followed up for 5 years; they were separated into progressive and non-progressive liver fibrosis groups according to the change in the FibroIndex (13) and Forns index (14) in that 5-year period. The progressive cases will show the index subtraction of the index value of enrolled point from that of 5 years later >0. Conversely, non-progressive cases will show the index subtraction !0.
The formulas of FibroIndex and Forns index used are as follows:
FibroIndex =1.738 -0.064 (platelet count ×10 4 /mm 3 ) + 0.005 (AST IU/L) + 0.463 (g-globulin g/dL)
Forns index =7.811 -3.131 ln (platelet count) + 0.781 ln (GGT) +3.467 ln (age) -0.014 (cholesterol)
In both fibrosis indexes, there were no significant differences in the ratio of progressive/non-progressive patients or in the index value changes between IL-10 haplotypes (Table 6, 7).
Discussion
Our results of the IL-10 genotype distributions and allele frequencies bear a good resemblance to those of former reports studied in Japanese populations (11, 12) . On the other hand, some studies in Caucasians have reported higher IL-1 -1087 G and -824 C allele frequencies than those in Japanese or Eastern Asian populations (4, 8) . These differences are due to the ethnic characteristics of the different populations.
In this study, we found no significant difference in the IL-10 genotypes or allele frequencies between chronic hepatitis and liver cirrhosis. We also found no relationship between the IL-10 haplotypes and the progression speed of liver fibrosis in CH patients observed for 5 years. Similar to our results, Abe et al (12) reported that the genotype frequencies at -824T/C and -1087A/G are similar between HCV-related CH and LC groups, and other reports have examined various ethnic groups also showing that genotype distributions of IL-10 -824T/C and -1087A/G are not significantly different between HCV-related chronic liver disease patients and healthy control groups (15) (16) (17) .
In cirrhotic patients, we found that the patients with low transcriptional IL-10 genotypes (-1087 A/A and -824 T/T) and haplotypes (-1087/-824 AT and AC, respectively) show a relatively rapid progression toward liver failure. Some previous reports have revealed the significant relationship between liver function tests and liver fibrosis in chronic liver disease patients. Kusaka et al have shown that liver fibrosis progression has a significantly positive correlation with indocyanine green test and has negative correlations with serum albumin, cholinesterase, prothrombin time (18) . Taken together, the liver reserve function could be associated with the progression of liver fibrosis. Knapp et al (4) also reported that the IL-10 -1087A/A genotype and the haplotype (17) . Namely, pro-and anti-inflammatory cytokines play a principal role in the cirrhotic liver and the functional differences between the gene polymorphisms must be amplified to be detectable. Some in vitro studies have revealed significant relationships between IL-10 expression levels and its promoter genotypes and haplotypes. For example, Edwards-Smith et al examined the production levels of IL-10 in peripheral blood mononuclear cells and showed that IL-10 promoter -1087, -824 and -597 haplotypes, GCC, ACC, and ATA are associated with high, intermediate, and low IL-10 production, respectively (8) . And there are several lines of evidence that the IL-10 -1087A/G and -824T/C genotypes and the -1087/-824 haplotypes are relevant in their genetic capacity for IL-10 production, and -1087A, -824T, -1087/-824 AT haplotypes are associated with low IL-10 production, respectively, following in vitro stimulation of peripheral blood mononuclear cells (19) . Patients with chronic HCV infection have an activated T-cell response cytokine pattern. CD4+ T cells have been implicated in both the damage of liver tissue and the perpetuation of chronic HCV infection. CD4+ cell responses are polarized into T-helper type 1 (Th1) and Th2 types. Th1 cells secrete IL-2, IL-4, IL-8, tumor necrosis factor α (TNF-α), and interferon gamma (IFN-γ), which are required for host antiviral immune responses (20) . Th2 cells produce IL-5, IL-13, and IL-10, which facilitate antibody production and inhibit the Th1 response by reducing MHC-II expression, and inhibiting IL-1 α/β, IL-2, IL-8, and TNF-α production (5).
The significance of serum levels of IL-10 in patients with HCV-related liver disease is still debatable (21, 22) . For example, Chen et al (23) examined the relationship between IL-10 gene polymorphisms and reported no impact of IL-10 gene polymorphisms on serum levels. Not only the circulating or ubiquitous immune-related cells but also the liver tissue-specific cells such as hepatocytes, sinusoidal endothelial cells, hepatic stellate cells, and Kupffer cells also secrete IL-10 and some of their IL-10 production levels seem to be sufficient enough to affect the grade of liver tissue inflammation (24, 25) . Furthermore, a recent in vitro study showed that direct HCV interference on dendritic cell maturation resulted in the induction of IL-10 expression (26) . All of this evidence leads to the hypothesis that the hepatic microenvironmental IL-10 level is extremely important for assessing its influence on liver tissue inflammation and fibrosis.
In contrast to HCV-related hepatitis, chronic HBVinfected patients with the low IL-10 production haplotype (AT) tended to be asymptomatic HBV carriers, even after adjusting for the seropositivity of the antibody to hepatitis B e antigen (27) . The suppression of HBV replication by the Th1-related anti-viral immune system plays a major part in the protective effect of chronic liver disease B progression (28) . Indeed, it has been reported that the serum HBV viral load is in proportion to the activity and progression of chronic hepatitis B infection (28) (29) (30) .
Some former reports have revealed that an IL-10 high production genotype/haplotype is related to reduced complete HCV clearance by IFN treatment (31) (32) (33) . On the other hand, several reports that have examined various ethnic groups found no relationship between IL-10 gene polymorphisms and sustained response to IFN treatment (34) (35) (36) . In the present study, 25 patients had received IFN therapy before they enrolled in this study and all of these cases have resulted in being non-responders (NR) ( Table 1) . IL-10 -1087 and -824 genotype distributions and allele frequencies in the NR group were A/A 89%, A/G 8% and G/G 4%, with A 0.94 and G 0.06, and T/T 48%, T/C 39% and C/C 13%, with T 0.69 and C 0.31, respectively. The -1087/-824 haplotype frequencies of NR were AT 0.66, AC 0.30 and GC 0.04. There were no significant differences in the genotype distributions, allele or haplotype frequencies between the NR and the patient group who had no past history of IFN treatment. The details of the discrepancy in the results between IL-10 gene polymorphisms and IFN anti-viral response are still unknown. Abbas et al (37) suggested that the recent IFN treatment strategies including IFN modifications (recombinant and PEGlyated), the duration of treatment, and combination with ribavirin administration might affect the results of these studies. For example, ribavirin administration promotes Th1 lymphocytes and suppresses IL-10 production (38) . However, discrepancies still remain between the studies that have involved identical IFN treatment programs (33, 36) . The combinations of gene polymorphisms of other cytokines suggest that this is the key factor in association studies. IL-10 belongs to the cytokine superfamily (IL-10, -19, -20, -22, -24, -26, -28 and -29) and they all share their receptors with each other. For example, IL-28A and B (alternatively named interferon lambda 2 and 3, respectively) bind to IFNLR1 (IL-28R) and IL-10R2, which is shared with IL-10, -22 and -26 (39) . Recently, the genome-wide association study has revealed a significant relationship between gene polymorphisms of IL-28B and sustained HCV clearance by IFN alpha therapy (40) . For example, the minor G allele in the non-coding region rs8099917 (8kb upstream of IL-28B gene) strongly associates with unsuccessful IFN alpha therapy. The functions of these polymorphisms have not been elucidated clearly, but some reports have suggested the possible relationship between the risk allele G and the lower expression level of IL-28B (41, 42) . These functional polymorphisms of the IL-10 superfamily, which relate to their expression profiles may affect their competitive binding to the common IL-10R cell surface receptor because IL-10R surface expression is relatively low on immune-related cells such as hepatospecific lymphocytes and kupffer cells (43, 44) The interrelationships between the members of the IL-10 superfamily gene polymorphisms are expected to be studied in the future.
In conclusion, we have identified the IL-10 lower transcriptional -824 T allele, -1087 A allele and -1087/-824 haplotypes AT and AC as the risk factors for the progression of liver fibrosis in HCV-related chronic liver disease. Further studies using a larger sample size of Japanese patients with HCV-related chronic liver disease are required to confirm the association of IL-10 polymorphisms with the progression of liver fibrosis.
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